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An abyreviated behavioray'scroening battery has been developed
whlch is des1gned to detect ‘those children. (wh1te males) during kinder-

"garten who in four years w111 ‘become. scyere]y d1sab]ed or super1or

readers (Satz & Fr1e] 1973 Satz & Friel, 1974' Satz, Friel & Rudegeair,
419253! Standardizatlon of the test battery was based on the tota] popu-
J}Atfon of white boys-(N 497) who started kxndergarten in the fa]] of 1970
i A]achanCounty; Eiorida. Twenty e]ementary schoo]s (14 urban, 6 rural)
comprised this populatiOn. The prednct1ve tests (N= -8, given during early
kindergarten, were 1ater va11dated/aga1nst independent read1ng criteria

at the end of Grades 1. (1972), 2 (]975) and 3 (1974) 2

Because of careful
tracknng procedures, the fo]]ow up validation studies were based on ap-
‘prox1mate1y 95 percent of the or1g1na1 population. ‘A separate cross vali-
‘ datuon study was recent]y comp]eted based on a samp]e of\wh1te boys (N=181?
ffrom five of the urban schoo]s (Alachua County) who began k1ndergarten in
;'1971 and whose read1ng scores were assessed three years 1ater at the end of
Grade 2 (1974). The ch:]dren in thlS samp]e were predicted on the bas1s of
their abbreviated test battery scores (kindergarten) and the discriminant

. function weights derived from the or1gjna1 standard1zat1on population at
the end of Grade 2. d

"The.resu1ts«offthempreceding;yéligéﬁjQQWSEHQjes, based on discriminant

function ana]yses, ‘revealed that the tests given'during kindergarten consis- ’
tently 1dent1f1ed over 90 percent of the ch11dren dest1ned 10 become severely
'd1sab1ed or super1or readers in later years. Stepwise regress1on ana]yses
also revealed that a sma]] number of tests cons1stent]y ranked h1ghest in pre-
d1ct1ng reading outcomes in later grades (1-3). | These tests (Finger Locaii-
zatxon, A]phabet Recitation, Recognition- D1scr1m1natxon) loaded on a primary'v

factor which was labeled a measure_of sensori-percept’ al-motor-
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mnemonic ability. This' factor is 1¢lt to ‘tap those skills which are in

primary ascendancy during preschool years (k1ndergarten) and wh1 h are

”>’postulated to be crucial to the ear]y pha<es of read1ng (Satz &JVan Nos-

trand, ]972) A major review of the theory gu;d1ng this research and °
the resu]ts are reported in a recent chapter by Satz, Friel & Rudegeair
(1975). The resu]ts, in summary, lend support to the va]1d1ty ‘and ut1|1ty
of an ear]y detect1on or 'v rn1ng system' that cou]d be adm1n1stered eco-
nom1ca1]y before .the ch1ﬂd;beg1ns formal read1no-—at a time when his cen—‘
tral nervous system may: be more p]ast1c and respons1ve to changea-and at a
time when he is Tess” subJect to the shatter1ng effects of repeated academ-
Despite the prom1s1ng nature of th1s early detection research, more
Cross’ va11dat1on work is needeu to ensure that truly high risk ch1]dren'
are identified, ﬁor placement into earhy prevention programs For examp]e,
af the tests have a high number of fa]se pos1t1ves, then serious risks of
|

mislabeling could occur wh1ch would 1ncorrect]y place potentially norma |

readers‘into early treatment programs Similarly, if the ta]se negative

L

. rates are high, then unnecessary costs may result by 1nst1tut1ng treatment_

pnograms which exclude the maJor1ty of h1gh risk ch11dren An add1t1ona]

~ need for further cross va11dat1on study is to determ1ne whether ‘the battery

- s app]1cab1e to g1r1s (wh1te & b]ack) and to b]ack boys

The purpose of the present study was to determine whether the abbrev1-
ated test battery,~given in September, cou\dnpred1ct ach1evement ratings at
the end of kindergarten (June) on a new group of kindergarten-children

(boys, g1r1s, b]ack wh1te) in an entire e]ementary school. An add1t10na]

' purpose was to 1nst1tute a prevention program on a random sample of predic-

ted high. risk children in this group and to eva\uate the test outcomes de-

4
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spite the poss1b1e ame11orat1ve effects of treatment - This design was
fe]t to prov1de a more powerfu] test of the pred1ct1ve eff1c1ency of
the_abbrev1ated battery. : , T T *
Subjects’ ' . _
The sample consisted of 28 black Ss (13'boys, 15 girls) and 104

white Ss (54 boys, 50 giris) for a total of 132 Ss.' This group repre-

' sented all- those Ss who entered kindergarten in September, 1974 at

Stephen Foster School (mean age=54.1 months). Add1t1ona1 age and SES

'1nformat1on is presented in Table ] for outcome ach1evement groups at

the.end of k1ndergarten.

Predictor Testis

The abbreV1ated test battevy cons1sted of seven tests and one
non-test variable (SES) The seven tests were: Finger 1oca]1zat1on,
Alphabet ReC1tat1on, Recogn1t1on -Discrimination, - Peabody IQ, Beery (VMI),
Wepman Auditory Discrimination and Dichotic-Listening (Total R+L Score).4
A recent factor analysis of this battery, based on the original standardi-

zation and cross validation groups (white male, N=678), revealed two main

: factors using an oblique solution. > Factor I, which comprised most of

the verba]tests, included Peabody IQ, A]phabet Rec1tat1on, Aud1tory D1s-

' »‘cr1m1nat1on and D1chot1c Listening. Factor II, which compr1sed most of
the nonverbal perceptua] tests, 1nc1uded Recogn1t1on D1scr1m1nat1on,

_Beery (VMI) and Finger Loca11zat1on These factor. loadings are d1fferent

than those reported for the standard ]4 test battery (Satz & Fr1e] ]973)

o

Test Procedure

-

The tests were given during two weeks in September in office space

provided by the elementary school. Intervention procedures were carried

oo
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" out ina mobile 1aboratory parked or schoo] grounds All testing‘was
.adm1n1stered 1nd1vwdua]]y by the rescarch staff and took approxlmately )
=50 m1nutes per child. . At the conc]u<1on of. the test adm1n1sﬂ4at1on
all reSults were analysed v1a two computer program, (DSCRIM6 and CLASIFY)
which ut111zed the lambda weights d+~ived from the. poo]ed standarduzat1on.
.and Cross va11dat1on population of write boys (N=633). ‘Bajsed on this
ana]ys1s, 44 children were identified as severe h1gh ris (i) and 28 of
" them were randomly ass1gned to two treatment groups for fthe durat1on of
the school year.. The rema1n1hgf§s were placed into a non-treatment group'
(N= 16) This random assignment yielded approximately equa]'numbers of
.children (by race and sex) in each of the three groups. To prevent.indi-
vidual labeling of children, all test information wa withheld from the
teachers during the.schooT'year. As a further cont o1, selected children
from the other pred1cted groups (low risk) were periodically brought to

@

the tra11er during the year for additional researZh study.
Achievement Criterion- Ratlngs

The achievement rat1ngs were obtained at the end of the school year
(May June) for each. child. The ratings were made by the individual class-
room teachers who had taught the children dur1ng the schoolayear An over-
all ach1evement ‘rather than reading criterior was used because of d1ff1cu]ty
in assessing reading competency at th1s age A ten po1nt 1nterva1 scale

was’ used to ass1qn the children 1nto one Zf four d1fferent ach1evement

: groups Severe (0-4), Mild (5 6), Averag (7- 9) and Super1or (10) Cri-

) ter1on information was ava11ab1e for 128 of the or1g1na1 c¢hildren, or 97% of

the sample: _Severe (N—12) M1]d (N=33) " verage (N 63) and Super1or (N= 20)
Th1s cr1ter1on evaluation, wh1le admittedly tentative, if not premature,

has neverthe]ess been shown to hold up/1n later years when more objective

v
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read{ng measures are available (Sats, Friel & Rudegeair, ]975)..
Resulls,
Cross Vallgajﬂon»’ ‘;/
Means and Standard Dev1at1ons  The means and standard deviations'

/

of the tests g1ve?/1n September are presented 1n Table 1 for each of the

four outcome achhevement groups (June). Inspection of this table reveals
an increasing /level of. performance across tests as one proceeds from the
covere to Superior groups. For'example‘ mean Peabody 1Q ranged from 77.7

in the Severe group to ]13 6 in the Super1or group. Similarly, perfor-

L mance jy/the Beery(VM[)ranged from a mean score of 49. 6 months in the

. Severe/group to 67.4 months 1n the Super1or group This means that the

Sev;yé group was 1agging’ almost 13 months beh1nd “their chronolog1ca1 age

5) whereas the Super1or group was advanced almost three and a half

months beyond jtheir chrono1og1cal age (64.1).

e

C]assification. Subjects were then classified igtovthe predicted

._achievement.groups Based on the tests given in September plus the weights

'derived from the original standardization and cross validation groups.

&

The results, for the f1na1 outcome achievement groups (June), are presented

in Table 2 for a 2x4 matrix. That 1s, the compos1te test pred1ct1ons (Septem-

- ber) are reduced to h1gh r1sk (¥ & +) and low risk.(Z & -) signs and are

' represented by rows whereas the achievement outcomes (June) are represented

by columns. Inspect1on of this table ~eveals thatbthe tests correctly pre-

dicted 100% of the Severe and Superior groups, while mjsc1a5s1fy1ng 21% of -

the Mild group (N= 7) and 41% of the Average group (n=26). The'overall hit-
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rale was 95/128=74% for thisgcross.vali'ation samp1e{

"

The classification outcomes for a 4x4 matrix are presented in Table

o}

3. This table represents a more meaningful presentation of results because
it reveals the outcomes for tne severc high risk predittions (3) which for-
med the decisional basis for the tredtment programs (experimental?and con-

- o

trol) in September (Grade K). The only difference in this table is that

the composite.predictions are reduced to four levels (rows) which does not

~alter the overa11 hit-rate. . Inspectwon of this tab]e reveals that these

severe h1gh r1sk indicators (i) getected 100% of the children who at tne
end-of k1ndergarten fe]l an the Severe group and’ 58% of those who feli in
tne Mild group. Although it misclassified 13 children (20%) wno fell ;n |
the Average group at the end of kindergarten, it did not misc1essify any

=

children who later fell in’the Superior group.

In other words, there were only 13 misclassification errors using .

the severe h1gh r1sk s1gns, all of wh1ch were confined to the Average

group. No ch1]dren w1th these r1sk signs .£nded up in the Super1or group
‘Voreover, when these children with severe risk signs were examined for

treatment group_assignment (experimental vs. control)-it was féund that

eight of the 13 misclassified children were in treatment groups, which re-

- duces the pred1ct1ve error to on]y five children--again, none of whom

ended up in the Supericvr grqup!8

O




rate to 84.4%,
o Discussion
~ The preceding results provide additiona]icross vaiidational support
- tor the~predictive efficiencyrtf this abbréviated screening battery. The
. tests given at the beginning of Grade K, based on the weights derived from
| the standardization and cross va]idation.groups (white males), correctTy
predicted the achievement outcomes of a new sample of chi]dren (boys,
girls, bTack white) at the end of* Grade K——particu]ar]y those destined
to extremes in the achievement distribution. Furthermore, these predictions
‘held up despite the fact that the sample varied in terms of race and sex
_and the fact that a treatment program was instituted for a majority of the
. severe high risk'children; In fact, it was shown that the vaTidity of the
o séyere high risk test sign (1) was extreme]y high, it detected 100% of the
chderen who fell«n the Severe group at the end of kindergartenryhile mis-
cTassifying-onTy 20% of the chderen (N=13);who fell in the Average group
(Table 3)! However, this test sign (1 misciassified no children who, at
the end of kindergarten, fell in the Superior.group. Moreéover, of the 13
high risk chi]dren (20%) who fell in the Average group _ at the end of kin-
dergarten, eight of them were involved in 1nd1vidua1 treatment programs
throughout the entire year which suggests that treatment per se _may have
- --altered the high- risk signs. (fal'se positives) seen at the beginning of
(1ndergarten These findings, in summary, reduce the risk associated
“with false positive decision errors w1thout11ncreasing the false negative

errors; i. €., 100% of the, Severe cases were correct]y detected.

The maJor reservation with ‘the present resu]ts concerns the tenta-

tive, if not premature state of the achievement criterion The 1ntervaT
of nine. months between tests and criterion probes," particularly during

kindergarten, provides onTy.tentative information, at best,

O
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on Lhe validity of the current achicvement ratings. Althougn pre edictions
of Iearnihg ability based upon teacher judgments have'beenbshown to be
surprisingly accurate (Austih & Morrison, 1963; Kermoian, 1962; Feshbach,
Adelman & Fu]]er, 1974) the fear of mislabeling may increase the inci-
dence of false negat1ve errors, part1cu1ar]y for the severely high risk
chdeL This prob]em was seen recently in an unpublished study which com-
pared teacher pred1ct1ons (end of .Grade K) and test pred1ct1ons (begin-
n1ng Grade K) to reading outcomes at the end. of Grade 2. The study was
based on the third year. follow-up of the population of wh1te boys who
began kindergarten in Alachua County, Florida (]970) and who represent
the standard1zat1on group for the present abbrev1ated battery (Satz,
Friel & Rudegeair, 1975). The resuits showed that wh1]e the overall ac-
" curacy of k1nderqarten teacher predsctlons was as h1gh as. the tests (ap-
proximately 80%), the, detect1on of the severely h1gh risk child (Grade 2).
was much lower when pred1cted by the teachers The teachers identitied -
on]y 19% of tnese ch11dren whereas the tests detected 75% of them. I§
other words, the overall teacher prcd1ct1ons were spur1ous]y inflated by
good outcome' forecasts when the’base rates favered such outcomes (by 4:1).
However, when’ they predicted severe outcomes (which was rare), their accuracy
ﬂwas extreme]y high (approximately 90A)

2

This unpublished f1nd1ng is relevant to the Current k1ndergarten

¢

"vach1evement criterion. It suggests that those ch ldren des1gnated Severe

| may in fact.turn out to be so, but not those c]ass1f1ed as Average, many of
who in later years may fall in the M1]d to Severe achievement groups. If
so, it would further 1ower~the false pos1t1ve rate of the abbreviated test

battery, especially whenvpred1ct10ns are followed- -up in later years. This

is indeed what happened when the test‘predict{ohs (Grade K) were evaluated

.
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agannst achievement friteria at the end of Grade K (Satz & Friel, 19/3)

Grade 1 (Satz, Friel, 1974) Grade ¢ (Satz, Friel & Goebe] 1975) and

Grade 3’ (Satz, Friel & Rudegeai;, 1975). In later years, the pred1ct1VP s

o

accuracy of the tests (Grade K) increased with incrementai ‘reductions in the
* false positive rate--again, due presumab]y to increased validity in the
criterion achievement measures.

ihis problem regarding preliminary criterion specification (at Grade'
K) may-aiso expiain, in part, the change in the discriminative ranking |
of the tests. It'was'shown’that the four tests which:ranked hidhest in
the stepwise regression analysis were Peabody IQ, Aiphabet Recitation,
Dichotic. Listening and‘SES (three of which loaded on the verbal factor).
,This discriminative ranking, however, contrastad w1th the triad of Finger,
Localization, A]phabet Recitation, and Recognition- Discrimination which
conisistently.ranked highest in later years (Grades 1-3) and which ]oaded
onfthe sensori—perceptdai4motor factor. Although the change in discrimi-
native ranking day in part ref]ept'changes in the current school sanple
(i.e., girls & blacks), the change more ]ike]y reflects the nature of the-
kindergarten criterion. The reason is that approximately the same dis-
criminative ranking occurred in the standardization population at the end
of Grade K (Satz‘& Friel, 1973) [ref. footnote 3].

The preceding explanations, of eourse,.must u]timate]y rest on the
follow-up eva]uations at'the end of Grades 1 and 2 with this cross va]ida-;
. tion samp]e.g‘ If confirmed, they will provide additionai support for the
dti]ity'of an early warning system that could be administered economica]iy

R

before the child begins formal reading--at a/time when the central nervods

system may be more plastic and responsive to change--and at a time when the

child is less subject to the shattering effects of repeated academic fai]ure."

1




The ultimate task for educatio
results when a system fails tQ

" its high risk children.
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develop a va]id.early streening program for
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2The original screening'battery-consisted of 14 tests-(Satz, Friel &

Rudegeair, 1975).

" 3This discriminative ranking however, was not observed during the

L
fifst follow=up eva1uat1on of achicvement outcomes at the end of kinder-

garten (Satz & Friel, 1973). The rank1ng in this preliminary study was as

tfoT]bws: F1nger Loca11zat1on, SES, D1chot1c Listening (Tota]) and Pcabody _
IQ‘. . - N\
4Consu]t Satz, Friel & Rudegealr (]975) and Satz & Friel (1973) for ad-

ditional information concern1ng descr1pt1on and select1on of the teft

battery.
5Tne factor ana1ys1s was computed by Jack Fletcher.

6Wr1tten by D. J Veldman, University of Texa9 1967; modified by
R A. Goebe] Stat1st1ca1 ana]yses performed on IBM System/370 165

Northeast Req1ona1 Data- Center, Ga1nesv111e, F]or1da

7The treatment program and rat1ona1e s not relevant to the present

‘study but will be discussed-1n a 1ater.study after follow-up evaluations

are made in Grade 1.7

°
o

81t was a]so found that six .of the ]2 ch1]dren in the Severe group

and 11 of the 19 chi]dren in the Mild group were in treatment groups

throughout the kindergarten.year.
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" Footno.es

.gAdditional croﬁg—cu]tura\'1nfdrmationJon the predicf%ve validify
of this abbrev1aLed battery will be available in the fall 0f.]975.~ The '
battery qu administered to a representat1ve samp]e of white boys (N;450)
who began.elementary school in the Catholic System in Perth,. Australia
in Febiuary, 1975. This study Wil] also investigate whether a fdfther

, abbreviation‘of thevtest battery (N=56) will predict as well as the stan-
dard abbrevia?ion (N=8). Unpublished results have just shown that the
nodified abbreviation (excluding Dichqtic Listening and Auditory Dis-
Lr1m1nat1on) predicts as well as the standard abbreviation. In fact, the

- wmodified abbreviation y1e1ded a much lower false pos1f1ve rate when app11ed

to the current cross val1dat10n -sample. If these results can be rep11cated

oot
b

on the Ausfra11an sample, they w111 substant1a11y reduce the cost of

adm1n1strat1on for mass screen1ng
N . PR N
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Means and S

Tqu i

(Sept , Kindergarten) for Achievement Groups (June,

Klndergarten) Cross Va]ldat1on Sample 1

QeVere

. Criterion Achievement Groups

tandard Deviations of Abbrev1ated Test Battery

Supe

(o]

Score in months .

Mild Average “fjor
o W=12) (N=33) (N=63) N=20)
Tests Age=62. 5 Age=60.8 Aqge=63.0 Age=64.1
. Finger . 28.6 34.7 1 37.8 40.5
Localization (5.2) (7.1) (5.8) (3.9)
p. Alphabet N2 . 8.5 -2 25.3
Recitation (8.7 (6.8) - (6.7) (2.3)
5. Recognition- 6.5 7.5 .. 8. 10.2
. ‘Discrimination (2.2) (2.3) ©(2:8) (2.8)
4. Peabody 1 1.7 89.2 103.4 113.6
o " (16.2) (19.0). - (15.3) (7.5)
5. eery (VMI) 49.6. 53,2 7 ' 1 61.6 67.4
e (9.1) (9.6) : (9.7) (10.5
6. Auditory- 1.0 13 1.5 1.6
Discrimination _(0.6) (0.4) (0.3) . (0.3)
7 Dichotic . 8.7 0.6 . 13.4 80.9
Listening (Total) (15.9) (12.2) (14.0) (6.3)
. ‘ B ) . . ]
‘8. Socio-economic 7.4 A DY A 1.9 2.0
staws o (0.5) (0.5) (0.3) (0.0)
3 sample = all K1ndergarten classes (Stephen Foster Schoo]) 1nc1uding girls
and boys (whlte and b]ack) ) / .
b AgL in months / i
I /

G e




Table 2 ' .

. f

Predictive C]assifitéiion of Cross Va]idati%nvsample IT (Sept.,
Grade K) into Achievement Groups (June, prade'K) based on
Discriminant Function weights (Abbrediated.Battery)
of Standardization Population ',(N=639)§'b

.-(2 x 4 Matrix)

Criterion Achievement Groups

fr

~ Composite B \
Discriminant . . — ’
Scores ' - Severe © Mild Average ~Superior
B T T AT 6 0
+ . ‘ : _
% (100) (80) (&) (0)
N 0 7 37 20
% .. (0) . (200 - (59) (100)
T 12 33 63 20

a,bOpu1afjon = §tandardiza£ion Group (Grades K-2) and Cross Validation
Group I (Grades K-2). o . . :
B Total Hits = 95/128:= 74%.

3%
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éb]e 3

Predictive C]assificationcpf Cross Validation Sampie II (Sept.,

Grade K) into Achievement Groups (June, Grade K) based on

Discriminant Function Weights (Abbreviated ‘Battery)

of Standardjzat%on Population (N= 639)

(4 x 4 Matrix). -

[}

Criterion Achievement Groups

Composttg
Discriminant
' Scores Severe Mild Average - Superior T
++ 2. . .19 13 -0 44
4 0 7 13 0 20
- 0 5 .. 2 10 42

- - 0. 32 10 10 22
T 12 83 . 63 20 128
: / : .

a Popu]at1on

Standardiz t1on Group (Grades K- 2) and Cross Val1da-

tion Group 1 (Grades K< 2)

<

i




o

Table 4 . » ¢

Predictive C\assificétion of Cross Validation Samp\e'IIQ'v_

’ (Sept., Grade K) into Achjevémeht'Groupe (June, Grade K)
based on Discriminant Function Composite . ™
" Scores (Sample 11)° . v
(2 x-4 Matrik)
Criterion Achievement Groups
Composite o
Test ‘ :
Scores "Severe Mild "Average " Superior
| N 12, 25 - 12 0
e -£100) - (76) (19) (0)
A - : ' .
N . 0 8. Tl Ta e 20
% (o) (24) (81) (100) *
T 12 33 . 63 20
@ Jotal Hits = 108/128 = 84%
-
\\
. Y .




Table 5

Disckiminative Ranking and tumu]ative Hit Classification
of Abbrev1ated Test Battery based on. Stepw1se

Discriminant Function "Analysis of

Cross Validation §amp1e II
| Ranked : | Cumulative
Variables Factor Hits (%)
1. Peabody 1Q/ 1 . 75.8
2. Alphabet . .
. Recitati n L 81j3 '
3.‘D1chot1 _ T . A
’ L1sten1 g (Tota]) I _ 77f3a
4. SES " . 805
- I-11 84.4

3 Rési7 al Tests




